Non-alcoholic fatty liver disease (NAFLD) is frequently related to obesity and metabolic alterations. This study aimed to assess the relation between NAFLD and metabolic syndrome (MS) in obese premenopausal women and investigate the impact of NAFLD on occurrence of metabolic syndrome components. The study comprised 180 non-smoking premenopausal obese women. They were 90 with NAFLD and 90 with normal liver, aged 25 to 35 years. Abdominal ultrasonography was used to diagnose fatty liver disease. MS was diagnosed according to the Adult Treatment Panel III criteria. Metabolic syndrome was found in 22.2% and in 83.3% of the normal and fatty liver cases, respectively, with significant difference. Cases with NAFLD had significantly higher levels of triglyceride, glucose, ALT, cholesterol, HOMA-IR and waist circumference than those than those with the normal fatty liver. In fatty liver group, the majority of cases had central obesity (88.8%), followed by hypertriglyceridemia (85.5%), hyperinsulinemia (84.4 %), hyperglycemia (83.3%) and hypertension (81.1%). All metabolic syndrome components were significantly elevated in the cases with fatty liver than those with in normal liver cases. The strongest associations of an individual component of meta bolic syndrome with NAFLD were hypertriglyceridemia and low HDL-cholesterol. A higher percentage of NAFLD was observed in cases with three components followed by four components of the metabolic syndrome. NAFLD is correlated positively with metabolic risk components. It was associated with higher ratios of metabolic components; hypertriglyceridemia and low HDLcholesterol level had the strongest positive association. This suggests the importance of these components in screening of NAFLD among obese premenopausal women.
NAFLD is the leading cause of chronic liver disease, with increasing in prevalence up to 20-30% worldwide 1 . It is considered to be a hepatic manifestation of metabolic syndrome (MS) in which the central pathogenesis of NAFLD is insulin resistance 2 . It has been reported to be associated with several features of metabolic syndrome including obesity, type 2 diabetes, atherogenic dyslipidemia, and hypertension, and is char acterized by insulin resistance. Furthermore, NAFLD may be a hepatic manifestation of metabolic syndrome 3, 4 . The significant cause of morbidity in de veloped countries is NAFLD 5 . In the general population its prevalence ranges from 10% to 24% and 75% in obese patients 6 . The major causes of chronic liver damage is NAFLD which related to obesity, type 2 diabetes mellitus and other components of the metabolic syndrome 7 . Across popula tions, the prevalence of MS varies widely. According to the National Health and Examination Survey (NHANES) III 1988 III -1994 and the NHANES 1999-2000, the age-adjusted prevalence rates of metabol ic syndrome were 24.1% and 27%, respectively 8 . Clinical and biochemical parameters revealed that insulin resistance play significant role in the pathogenesis of NAFLD. However, the impact of obesity and NALFD on the occurrence of metabolic syndrome has not been fully explained.
This study aimed to investigate the association between NAFLD and metabolic components in obese premenopausal women
Methods

study population
The study included 180 non-smoking women, aged 25 to 35 years (28.9 ± 2.3), 90 with NAFLD and 90 with normal liver , normal fasting glucose and normal liver function tests, all from Cairo. Diagnosis of NAFLD was based on ultrasound findings. All relevant investigations were done including lipid profile and liver function test.
This research has been approved by the Ethical Committee of National Research Centre, Egypt (number = 16361), in accordance with the World Medical Association's Declaration of Helsinki.
Anthropometric measurements
The weight of body and height were considered to the nearest 0.1 kg and 0.1 cm using an electronic scale and a stadiometer. Body mass index (BMI) was calculated as body weight/height2 (kg/ m 2 ). Waist circumference (WC) was determined at a point midway between the tenth rib and the iliac crest, recording in the centimeter 16 . Following at least ten minutes of rest blood pressure was measured twice, and the mean value was recorded. definition of the metabolic syndrome MS was in women diagnosed when three or more of the five components were present, that is, (1) central obesity (waist circumference as defined by the Regional Office for the Western Pacific Region of the World Health Organization >80 cm ; (2) a triglyceride level e"150 mg/dL; (3) < 50 mg/dL ; (4) fasting glucose e" 100mg/dL or treatment for diabetes; (5) arterial pressure e" 130/85mmHg or treatment for hypertension 9 . This study was conducted between December 2016 and March 2017 in the National Research Centre, Egypt; Medical Research Centre of Excellence. Age, fasting glucose, insulin, triglyceride (TG), and high-density lipoprotein (HDL) were recorded for the enrolled patients. Ultrasound was con ducted for all patients and the findings of each case were recorded. The exclusion criteria included chronic hepatitis B and C. These patients were assigned to two groups according to whether they had a normal liver appearance (normal group) or a fatty liver (fatty liver group. Liver function was determined by assessing levels of serum alanine aminotransferase (ALT). The definition of upper normal limit (UNL) of ALT was 50 U/L in men and 35 U/L in women.
Insulin resistance was estimated using homeostasis model assessment (hoMA-IR)
The diagnosis of NAFLD was based on abdominal ultrasound examinations without including other causes of chronic liver disease (liver cirrhosis, hepatic carcinoma, hepatitis history, impaired hepatic function, hepatitis B, hepatitis and C virus infection or drugs for liver damage. Abdominal ultrasonographic examinations were performed by the same physician for all patients and controls using SonoAce R5 (6 MHz; Samsung).
Liver function was determined by assessing levels of serum alanine aminotransferase (ALT). The definition of upper normal limit (UNL) of ALT was 35 U/L in women.
statistical analysis
Mean and the standard deviation of for each of the measured parameters were expressed. MS and its components are expressed as a proportion in NAFLD patients as well as in the normal liver group. Chi-square test was used to assess the effects of ratio of metabolic syndrome components. Anthropometric measurements and individual serum values were analyzed by independent Student's t test. Statistical significant difference was considered when P value below 0.05. Participants were divided into five groups according to the presence of total components of metabolic syndrome. To examine the strength of association between the risk factors and NAFLD, multivariate Cox's regression was used with odds ratio (OR) and 95% confidence interval.
Results
Out of the 90 obese patients with NAFLD 75 (83.3%) had MS and 20 (22.2%) in normal liver group, showing a significant association between MS and NAFLD (p = 0.01) (Table1) Table 2 shows a comparative analysis of clinical and biochemical characteristics between the NAFLD and with normal liver groups. The mean HDL-C was significantly lower in patients with NAFLD. Regarding the anthropometric measurements, WC was significantly higher in subjects diagnosed with NAFLD than normal liver cases. Furthermore, patients with NAFLD had a significantly higher means of HOMA-IR, FBG, TC, TG, LDL-C of AST and ALT levels. Table 3 shows the relationship between NAFLD and components of the metabolic syndrome components. The associations between individual components of metabolic syndrome and fatty liver are presented in Table 3 . Results showed significant positive associations between all metabolic com ponents and presence of NFLD. The majority of cases had central obesity (88.8%), followed by hypertriglyceridemia hyperglycemia (85.5%), hyperinsulinemia (84.4 %) then hypertriglyceridemia (83.3%) and hypertension (81.1%). Table 4 shows odds ratios and 95% confidence interval of associated fatty liver with MS, the strength of association between metabolic syndrome and fatty liver were significantly elevated in the cases with fatty liver. The presence of the metabolic syndrome was significantly associated with the metabolic components. The strongest predictive metabolic features for NAFLD were hypertriglyceridemia (OR, 4.8; 95% CI, 3.7-5.6) followed low HDL-cholesterol (OR, 4.1; 95% CI, 2.6 -3.1) then central obesity (OR, 2.7; 95% CI, 1.8-2.9) then hypertension (OR, 1.3; 95% CI, 1.6-1.9).
Cases were divided according to the presence of total components of metabolic syndrome into five groups. The prevalence rates of NAFLD for the five components were 5%, 22%, 28%, 13% and 7%, respectively. Higher prevalence of NAFLD was associated with the presence of two or three features of metabolic syndrome (Fig. 1) .
dIscussIon
NAFLD is defined as the hepatic component of metabolic syndrome [10] [11] [12] . Therefore, increase of fat in hepatocytes is the key in the pathogenesis of NAFLD 13, 14 . Several studies showed that abnormal metabolic features is associated with NAFLD, including the increase in BMI, waist to hip ratio, diabetes and insulin resistance 11, 12, 15, 16 . Obesity, hypertriglyceridaemia and hypertension were found to be associated with NAFLD 17 . Our study emphasized significantly higher prevalence of central obesity (88.8%), followed by hypertriglyceridemia (85.5%), hyperinsulinemia (84.4 %), hyperglycemia (83.3%) and hypertension (81.1%) in NAFLD cases than subjects normal liver. The incidence of NAFLD reached 60% "90% in obese cases, thought to be closely related to insulin resistance and in the hepatic symptoms of metabolic syndrome 4 . The prevalence of NAFLD was found to be 43% in impaired fasting glucose cases and was 62% in the type 2 diabetes mel litus 18 . Moreover, hypertriglyceridemia and low HDL-cholesterol level were found in 64% and 42% of NAFLD patients, respectively 19 . The prevalence of NAFLD in individuals with dyslipidemia attending lipid clinics was estimated to be 50% 20 . Previously, central obesity was found to be significantly associated with NAFLD in obese OR = 1.97, 95%CI: 1.38-2.80), and in non obese cases (OR = 2.17, 95%CI: 1.17-4.05). Moreover, diabetes, hypertension and metabolic syndrome are associated with NAFLD 21 . Our study showed that the strongest predictive metabolic features for NAFLD were hypertriglyceridemia (OR, 4.8; 95% CI, 3.7-5.6) followed low HDL-cholesterol (OR, 4.1; 95% CI, 2.6 -3.1) then central obesity (OR, 2.7; 95% CI, 1.8-2.9) then hypertension (OR, 1.3; 95% CI, 1.6-1.9). In addition, previous study reported that metabolically obese NAFLD patients had high body fat percentage and lesser lean body mass and larger waist circumference 22 . Also, higher sensitivity of NAFLD for insulin resistance than that for MS has reported 23 . In our study the majority of cases had central obesity (88.8%), followed by hypertriglyceridemia (85.5%), hyperinsulinemia (84.4 %), hyperglycemia (83.3%) and hypertension (81.1%). Generally obesity is the most significant factor contributes in the development of metabolic syndrome. However, other studies emphasized that the fatty liver disease is risk factor for the development of insulin resistance and metabolic syndrome [24] [25] [26] . The current study showed higher percentage of NAFLD in cases with three components followed by four components of the metabolic syndrome.
The liver is the site of the production of glucose and very-low-density lipoproteins that contain the majority of triglycerides. This involvement means that MS and NAFLD share the same risk profiles 27 . Previous studies have indicated that dietary fat and adipocyte lipolysis increase hepatic fat in patients with insulin-resistant without invoking insulin-driven de novo hepatic lipogenesis 28, 29 . In this context, decreasing caloric intake will allow decrease postprandial lipid loading of the liver.
In conclusion, our findings showed different metabolic factors for NAFLD in premenopausal women with highest prevalence in women with two or three features of the metabolic syndrome. The study emphasized the importance of metabolic parameters in the pathogenesis of NAFLD in obese premenopausal women. Hypertriglyceridemia and low HDL-cholesterol are the strongest positive predive features for MS in NAFLD and NAFLD can be used as a predictor for metabolic syndrome and insulin resistance.
